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ComplicationsAbstract Aim: To prospectively evaluate the value of CT and MRI in diagnosis of middle ear
pathologies following operation for chronic otitis media (COM).
Patients and methods: Fifty patients, who had been operated on for chronic middle ear disease,
were referred for either CT alone or followed by MRI depending on the different case scenarios.
Imaging ﬁndings were correlated with surgical ﬁndings.
Results: CT alone was done in 10 patients; 6/10 showed a free mastoidectomy cavity and 4/10
showed a clear cavity with abnormal position of the prosthesis. The rest of the 40 patients did a
CT followed by MRI which showed granulation tissue in 17 patients, cholesteatoma in 13/14
patients of which one showed intracranial extension, combined granulation tissue with cholestea-
toma in 5/6 patients, cholesterol granuloma in 2 patients and meningocele in another 2 patients.
Overall CT sensitivity and speciﬁcity was 46.25% and 90.77% and MRI sensitivity and speciﬁcity
was 95.23% and 99.16% respectively.
Conclusion: CT and MRI are both safe non-invasive diagnostic methods. Both procedures can pro-
vide radiologists a conﬁdent diagnosis of postoperative middle ear complications, assisting otolo-
gists with a provisional diagnosis for a better management.
 2015 The Authors. The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Imaging plays a very important role in the follow-up of post-
operative middle ear operations, since otoscopic examination
of the tympanomastoid cavities may be extremely difﬁcult after
a surgical procedure (1).
The initial study of choice for the follow-up is a non-
contrast high-resolution CT temporal bone study. Thin section
computed tomography (CT) was found to be sufﬁcient in cases
630 N.H. Khater et al.where the exact location of the prosthesis and tip needs to be
assessed (2).
In case of presence of a soft-tissue mass, the exact nature of
the lesion is non-speciﬁc by CT and so differentiation of gran-
ulation tissue in the middle ear cavity from other commonly
encountered soft tissue masses such as cholesteatomas, choles-
terol granulomas or, rarely, herniated brain is found to be dif-
ﬁcult; requiring the need for an MRI (3). Despite this, CT is of
great help in evaluating the margins and extension of the lesion
and for assessing the bony labyrinth as well as status of the
bony facial nerve canal (4).
Thus imaging of the postoperative middle ear, with CT and
MRI, plays an increasingly more important role in diagnosis,
surgical decision, and follow-up. Analysis of the postoperative
middle ear is a challenge for the radiologist who has to be
familiar with the numerous anatomical substructures of the
temporal bone and the different surgical procedures and for
the diagnosis of failure or complications of COM surgery (1).
The aim of this study was to demonstrate the ability of both
CT and MRI to diagnose and characterize the frequently
encountered postoperative middle ear pathologies; which
require surgery in order to eliminate the disease and to restore
middle ear function.
2. Patients and methods
From October 2012 to August 2014, 50 patients, age range 12–
85 years (mean age 44.32), who had history of operation for
chronic otitis media with or without cholesteatomas were
prospectively evaluated. The study included 21 females and
29 males. Twenty-six patients did a canal wall up mastoidec-
tomy (CWU), 18 patients a canal wall down mastoidectomy
and 6 patients did a simple tympanoplasty. Time interval
between surgery and imaging ranged from 1 to 6 years.
Most of the patients C/O of recurrent discharge with hear-
ing loss, with 3 patients presenting with vertigo along with
hearing loss.
Ten patients with a clear cavity required only a high resolu-
tion CT temporal bone study. The rest of the 40 cases per-
formed CT followed with an MRI. MRI imaging was
performed few days later.
High resolution CT of the temporal bone was performed on
a Siemens deﬁnition Flash machine, without contrast adminis-
tration. A two-plane imaging technique was done: axial sec-
tions in the orbito-meatal plane (corresponding to the plane
of the lateral semicircular canal) and coronal sections (perpen-
dicular to the former scanning plane), using a ‘bone ‘recon-
struction algorithm, a small ﬁeld of view, and at least
512 · 512 matrix. Slice thickness was 0.6 mm.
MRI was performed on either a 1.5 or 3T GE units.
Conventional T1- and T2-weighted axial and coronal
sequences were taken; with a slice thickness of 2 mm.
Delayed post-contrast sequences were taken in all the
patients 30 min after contrast material administration (axial
and coronal sequences) to differentiate granulation tissue from
recurrent cholesteatoma.
A second most important sequence was the Diffusion-
weighted imaging (DWI). It is a valuable imaging sequence
done to help in the diagnosis of cholesteatoma. DWI, multi-
shot fast SE sequences were taken at 2b factors of 0 and
1000 mm/s.3-D high resolution heavily T2-weighted submillimeter
sequence was also included to allow the evaluation of the facial
vestibule-cochlear nerve complex and for accurate assessment
of the membranous labyrinth.
Sagittal T2 sequences were only included in those cases with
suspected brain herniation.
Surgery was our gold standard for comparison with imag-
ing ﬁndings.
3. Results
The ﬁfty patients included in this study had a history of oper-
ation for chronic otitis media. Surgeries ranged from simple
tympanoplasty to mastoidectomy; canal wall-up mastoidec-
tomy (CWU) was performed in 26 patients, canal wall-down
mastoidectomy (CWD) was performed in 18 patients and tym-
panoplasty was performed in 6 patients. Thirty of our patients
had surgeries for cholesteatomas.
All patients examined clinically were found to have the
following scenarios: 46 patients were suspected of having
severe chronic otitis media superimposed on an underlying
cholesteatoma, meningeal symptoms with an attic mass at
examination suggested the diagnosis of a herniated brain in 1
case, whereas cholesterol granulomas was suspected in 3
patients who had a bluish, non-pulsating retrotympanic mass.
First imaging modality done for all patients was a thin
section high resolution CT temporal bone study.
Ten patients showed an empty free surgical cavity on CT,
requiring no further imaging. Six out of 10 patients showed
an intact prosthesis. Four out of ten patients showed abnormal
position of the prosthesis; one showed misalignment of the
PORP (partial ossicular reconstruction prosthesis), 2 showed
medial migration of the TORP (total ossicular reconstruction
prosthesis) into the vestibule and 1 showed a dislocated out-
ward extruded TORP.
Figs. 1 and 2 show the variable positions of TORP.
Rest of the 40 cases showed a surgical cavity soft tissue
lesion by CT.
Twenty-six cases diagnosed as cholesteatomas by CT
showed an expansile lobulated middle ear soft tissue lesion,
of which 21 showed associated bone erosions; as shown in
Table 1.
Absent ossicles was the ﬁnding in 8 patients, eroded ossicles
in 11 patients, and normal position of prosthesis in 5 patients.
Thirteen cases diagnosed as inﬂammatory granulation tis-
sue by CT showed soft tissue lesion with absent ossicles in 4
cases, rareﬁed long process and lenticular process of incus in
6 patients and ossicular displacement in 3 cases.
CT calculated sensitivity and speciﬁcity for diagnosis of
cholesteatoma in our study was 100% and 53.8%, and positive
predictive and negative predictive values were 53.85% and
100% respectively.
In 2 cases of meningoceles, CT accurately diagnosed 1 case
which showed low density lesion in continuity with brain tissue
with a large attic and tegmen tympani defect. However, CT
could not enable deﬁnite differentiation between brain hernia-
tion and cholesteatoma in the other case.
CT calculated sensitivity and speciﬁcity for diagnosis of
meningocele in our study was 100% and 50%, and positive
and negative predictive values were 100% and 97.44%
respectively.
Fig. 1 (A) Axial CT image showing normal position of TORP. (B) Axial CT image showing outward displacement of TORP.
Fig. 2 (A) Axial CT image showing intravestibular medial migration of the prosthesis. (B) Coronal CT image showing TORP in place
with soft issue attenuation material at oval window niche.
Table 1 Showing variable sites of bone erosions detected by
CT.
Site of erosion No of cases
Tegmen tympani 15
Scutum 10
EAC 2
Sigmoid sinus plate 2
Tympanic segment of facial nerve 3
Medial middle ear wall 3
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masses in the middle ear cleft or surgical cavity in all the cases.
For granulation tissue and cholesteatomas, they both dis-
played hypointense signal on T1 and hyperintense signal on
T2 making differentiation quite difﬁcult.
So, accordingly we included DWI and delayed postcontrast
sequences. Depending on the presence or absence of restricted
diffusion and the pattern of delayed contrast enhancement in
MRI, patients were classiﬁed as follows:
Seventeen cases had inﬂammatory granulation tissue on
surgery. On MRI post-gadolinium sequences, they showed
marked and slightly heterogeneous enhancement with norestricted diffusion. An accurate surgical correlation was
found as regards the thickness of the enhanced areas and the
extension of the lesion.
MR calculated sensitivity and speciﬁcity for granulation tis-
sue was 100% and 95.8% respectively, and positive predictive
and negative predictive values were 94.12 and 100%
respectively.
Figs. 3 and 4 shows CT and MRI features of inﬂammatory
granulation tissue.
Fourteen cases were conﬁrmed as cholesteatomas on sur-
gery. On MRI, 9 cases showed no enhancement and 4 cases
showed only rim enhancement. One cholesteatoma case
showed dural involvement and intracranial extension by
MRI, which also showed a suspected labyrinthine ﬁstula by
CT.
Fig. 5 shows the CT features of a labyrinthine ﬁstula.
Thirteen out of fourteen cases showed restricted diffusion
on the high b values; consistent with cholesteatomas. MRI
missed 4 mm small cholesteatoma.
MR calculated sensitivity and speciﬁcity for cholesteatoma
was 92.86% and 100% respectively, and positive and negative
predictive values were 100% and 96.3% respectively.
Figs. 5 and 6 shows CT andMRI features of cholesteatoma.
Fig. 3 Postoperative patient following canal wall down mastoidectomy. (A) Axial and (B) coronal CT images showing diffuse non-
expansile soft issue attenuation material within the surgical cavity, with associated rareﬁed bony ossicles. Features suggestive of
granulation tissue.
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matory granulation tissue and cholesteatoma. MRI showed
pathological soft tissue lesion with patchy enhancement on
delayed postcontrast sequence. The non-enhancing areas were
consistent with cholesteatomas as they showed restricted diffu-
sion on the high b values.
Contiguous enhanced areas were correlated with granula-
tion tissue on surgery, and the ability of MRI to depict small
enhancing granulation tissue was excellent.
MRI misinterpreted one case as it failed to identify a tiny
cholesteatoma adherent to the attic mixed and surrounded
with extensive granulation tissue.
MR calculated sensitivity and speciﬁcity was 83.3% and
100% respectively, and negative predictive values were 85%.
Two cases were diagnosed as meningoceles on surgery. On
MRI, both cases showed CSF signal intensity lesions arising
from the brain and extending into the middle ear. One of these
cases showed an adjacent area of brain gliosis with an associ-
ated cholesteatoma.
Figs. 7 and 8 show CT and MRI features of meningocele.
The last 2 cases were conﬁrmed as cholesterol granulomas
on surgery. MRI showed the characteristic T1 and T2 hyperin-
tense signal of cholesterol granulomas.
Fig. 9 shows CT and MRI features of cholesterol
granuloma.
The MR sensitivity and speciﬁcity of both meningoceles
and cholesterol granulomas was 100%, and positive and nega-
tive predictive values were 100% for both.
Tables 2 and 3 show correlation between surgical and imag-
ing ﬁndings in postoperative middle ear pathology with the
estimated accuracy values of CT and MRI.4. Discussion
Chronic otitis media is a common disease with many patients
undergoing surgery in an attempt to avoid purulent discharge
and/or to improve hearing (5). Patients may encountercomplications following surgery, necessitating the need for
imaging. In most patients, otologic examination accurately
suggests a cholesteatoma whereas a non-pulsating blue ear
drum suggests either a cholesterol granuloma or brain hernia-
tion (6,7).
Various surgeries are performed, with the main procedures
being the following (8): Tympanoplasty: involves repair of the
tympanic membrane perforation. Tympanic membrane
appears thick on CT.
Tympanoplasty with modiﬁed mastoidectomy: Two types
are done: either a canal wall up (CWU) or canal wall down
(CWD) tympanomastoidectomy. To differentiate, there is a
removal of the posterior wall of the bony external auditory
canal on CWD, thus leaving a large common surgical cavity
corresponding to mastoid, mastoid antrum, epitympanum
and mesotympanum. With CWU, there is only removal of the
lateral mastoid cortex, thus creating a ‘mastoidectomy bowl’.
Three types of prosthesis are well known and position is
accurately evaluated on CT and they are PORP (partial ossic-
ular reconstruction prosthesis), TORP (Total ossicular recon-
struction prosthesis) as well as incus interposition.
Both radiologists and surgeons are interested in not only
detecting these complications but also in evaluating the extent
of the disease, and excluding meningeal involvement or brain
hernia. Imaging of very small middle ear structures demands
a high local resolution. The use of thin slice thickness is a basic
demand on a high image quality for both CT and MRI (9).
CT is usually the initial study performed as it provides
information on the exact surgical procedure done (10).
Contrast administration is not required with CT, because of
its relatively low-density resolution in such a small anatomical
region of interest and the possible presence of artifacts (1).
Our study included 50 patients, 21 females and 29 males
with age range 12–85 years. An initial plain CT study was done
for all our 50 patients.
According to Thomassin JM and Braccini F, CT was found
to have a high negative predictive value in cases with a free
cavity after mastoidectomy, requiring no further imaging
Fig. 4 Postoperative patient following tympanoplasty. (A,B) Coronal T1, T2 and (C) postcontrast sequences display soft tissue material
in left middle ear displaying intermediate signal T1 and hyperintense T2 signal with diffuse enhancement on delayed postcontrast
sequence. (D) DWI shows no restricted diffusion, in keeping with granulation tissue.
Fig. 5 Postoperative patient. (A,B) axial and coronal CT images showing diffuse expansile soft tissue material totally occupying surgical
cavity, suggesting cholesteatoma. Erosion and ﬁstula with lateral semicircular canal are clearly depicted on CT image (arrow).
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Fig. 6 (A,B) Coronal T1 and T2-WMR images showing expansile soft tissue material displaying low signal on T1 and high signal on T2.
(C) Coronal MR post-contrast image showing rim enhancement and (D) DWI displaying large area of restricted diffusion, denoting a
cholesteatoma.
Fig. 7 Postoperative patient. (A) Coronal CT image showing diffuse expansible soft tissue density lesion occupying the middle ear cavity
with two large tegman and attic bone defects. (B) Coronal soft tissue window showing herniated brain tissue and the overlying CSF space
herniating through the large tegmen defects (arrow), suggesting a meningocele.
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Fig. 8 Postoperative patient presenting with hearing loss. (A) Coronal T2WI showing of meninges into middle ear cavity with
underlying gliosis. Associated soft tissue material ﬁlling middle ear cavity. (B) Postcontrast image showing wall enhancement of the soft
tissue material, with associated herniation of meninges. (C) DWI showing area of restricted diffusion, denoting a cholesteatoma on top of
meningoceles.
Fig. 9 Postoperative patient with hearing loss following tympanoplasty. (A) Axial CT showing soft tissue material totally opacifying the
middle ear cavity. (B and C) Coronal T1 and T2WI’s showing bright signal intensity material in the right middle ear cavity. (D) DWI
showing no restricted diffusion. Finding consistent with cholesterol granuloma.
Chronic inﬂammatory middle ear disease 635(11). In our study, 10 patients showed free middle ear cavity
requiring no further MRI imaging. Four of these cases showed
abnormal position of the prosthesis.
Superiority of CT for depiction of subtle bone and ossicular
erosions is well known, as reported by Koltai et al. and Martin
et al. (12,3). In our study, plain high-resolution CT overcomes
the bone limitations of MRI with a high degree of accuracy
with the estimated sensitivity of 90%. The literature presentssimilar results for the detection of ossicular erosions, with sen-
sitivity ranging from 80% to 100% (13).
Erosion of the medial middle ear wall seen on CT in 3 cases
was suggested as a ﬁstula of the lateral semicircular canal and
the ﬁndings were conﬁrmed at surgery. It was overlooked on
our MR images. Our results are in agreement with Prata
et al. (14) and Chee et al. (15), where sensitivity of HRCT in
their study to detect labyrinthine ﬁstula was 100%.
Table 2 Showing the correlation between surgical and imag-
ing ﬁndings in postoperative middle ear pathology.
Pathology Surgical
ﬁndings
CT MRI
Granulation tissue 16 13 17
Cholesteatoma 14 26 14
Combined cholesteatoma and
granulation tissue
6 0 5
Meningocele 2 1 2
Cholesterol granuloma 2 0 2
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usually suggests whether the lesion is a cholesteatoma or not.
However, they are not speciﬁc or constant (2). Moreover,
CT cannot enable differentiation between combined granula-
tion tissue and cholesteatoma (16).
The overall CT sensitivity and speciﬁcity for detecting
residual or recurrent cholesteatoma were 100% and 53.8% in
our study. Mafee et al. reported in his series of 48 patients with
cholesteatoma that 46 of them (96%) were diagnosed correctly
using HRCT scan (2). Chee et al. also concluded in their series
of 36 patients that 34 patients (94%) had been correctly diag-
nosed by HRCT (15).
Presence of erosion or rarefaction of the tegmen tympani or
contiguous bony structures by CT is non-speciﬁc, and can be
associated with cholesteatoma, brain herniation or cholesterolTable 3 Showing accuracy of CT and MRI in diagnosis of
postoperative COM complications compared to surgical
ﬁndings.
CT MRI
Granulation tissue Sensitivity 81.25% 100%
Speciﬁcity 100% 95.83%
PPVa 100% 94.12%
NPVb 88.99% 100%
Accuracy 92.5% 97.5%
Cholesteatoma Sensitivity 100% 92.86%
Speciﬁcity 53.85% 100%
PPVa 53.85% 100%
NPVb 100% 96.3%
Accuracy 70% 97.5%
Combined granulation tissue and
cholesteatoma
Sensitivity 0% 83.33%
Speciﬁcity 100% 100%
PPVa – 100%
NPVb 85% 97.14%
Accuracy 85% 97.5%
Meningocele Sensitivity 100% 100%
Speciﬁcity 50% 100%
PPVa 100% 100%
NPVb 97.44% 100%
Accuracy 97.5% 100%
Cholesterol granuloma Sensitivity 0% 100%
Speciﬁcity 100% 100%
PPVa – 100%
NPVb 95% 100%
Accuracy 95% 100%
a Positive predictive value.
b Negative predictive value.granulomas. MRI is thus the next imaging study to be done in
these cases (17). Differentiating all these different soft tissue
masses from granulation tissue is crucial and has obvious
implications in the choice of treatment and the possibility of
a second-look surgery (17).
Our study included 40 patients with a soft tissue lesion seen
on CT; all were later on imaged with an MRI including
delayed post-contrast sequences and DWI.
Granulation tissue shows enhancement on the delayed
contrast-enhanced images owing to its ﬁbrous nature and, pos-
sibly, to the microvascular thrombosis phenomenon. It is nec-
essary to obtain delayed contrast-enhanced images with a
delay of 30–45 min after contrast administration for proper
evaluation (1).
The 30-min delayed post-contrast sequences were highly
sensitive in detecting granulation tissue which displayed diffuse
heterogeneous enhancement in 17 cases; enhancement was
accurately correlated with granulation tissue and mucosal
thickening on surgical examination.
In our study, MRI diagnosed 13/14 cases of cholesteato-
mas; 9 showed no enhancement and 4 cases displayed only
rim enhancement. To further conﬁrm our diagnosis of choles-
teatomas, they all showed restricted diffusion on DWI at high
b values.
The results of our study demonstrate the great value of
diffusion-weighted sequences in the detection of recurrent cho-
lesteatomas. The efﬁcacy of both diffusion-weighted sequence
and the delayed contrast-enhanced sequence showed nearly the
same result.
DWI showed a sensitivity of 88% and a speciﬁcity of 100%,
whereas the delayed contrast-enhanced sequenced showed a
sensitivity of 85% and a speciﬁcity of 92%.
Overall MR calculated sensitivity and speciﬁcity for choles-
teatomas was 92.86% and 100% respectively. In several stud-
ies done with a 1.5 T imaging unit, sensitivity was evaluated
between 77% and 100% and speciﬁcity between 91% and
100% (18–20).
The importance of DWI has been reported in previous sev-
eral studies and the results of previous studies have proved that
visual comparison of DWI obtained with a b factor of
800 s/mm2 without the measurement of the apparent diffusion
coefﬁcient is sufﬁcient (19). We used SE DWI in our technique
which showed high sensitivity and speciﬁcity. Both echo-
planar and non-echo-planar DWI techniques have been uti-
lized in detecting cholesteatoma. However, many authors have
favored non-echo-planar DWI as it is less susceptible to the
skull base distortion that can occur because of the presence
of an airbone interface (21–23).
However, DWI has its pitfalls. High b value DWI that does
not correspond to a cholesteatoma has been described in the
following situations: after recent surgery due to residual hem-
orrhage, in ears containing Silastic sheets or bone pate (19,24),
cerumen located in the EAC (25), cholesterol granuloma (9),
artifacts due to metallic dental braces (26), and in cases of mid-
dle ear or mastoid abscess (27).
Intracranial extension is the most worrisome complication
of middle ear infection. In one of our 13 cholesteatoma cases,
there was erosion of the tegmen tympani with intracranial
extension and mild focal enhancement of the overlying dura
mater. The evidence of meningeal involvement is critical and
must be informed to the surgeon as it will require a different
surgical approach.
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mas were missed by MRI: a small 4 mm lesion and another
small focus embedded within extensive granulation tissue.
Studies done by Dubrelle et al. and Fitzek et al.; showed that
it was difﬁcult to correctly analyze lesions smaller than 5 mm
by either DWI or delayed contrast-enhanced T1-weighted
images (19,28).
Cholesterol granuloma is a special type of granulation tis-
sue which forms in those with the history of COM. It is partic-
ularly prone to bleeding and is composed of cholesterol
crystals and red blood cells, thus called ‘hemorrhagic cyst or
chocolate cyst’. It thus displayed high signal on both T1 and
T2 due to cholesterol component as demonstrated by Martin
et al. and Greenberg et al. (17,29).
Our study included two cholesterol granuloma cases that
displayed bright signal on both T1- and T2-weighted images.
MRI was shown to permit accurate characterization of choles-
terol granulomas.
Brain or meningeal herniations can be demonstrated as a
mass protruding into the middle ear through a bony defect
showing the same signal intensity as that of the brain or
CSF. In our two postoperative meningocele cases, the coronal
and sagittal T2 MR Sequences were the most sensitive
sequences to display with accuracy the continuity between
the CSF and the middle ear lesion, and to evaluate any associ-
ated inﬂammatory components. We believe that sagittal
sequence should be used, in addition to the axial sequence if
suspicion of a meningocele persists after the initial coronal
sequence.
From the above described commonly encountered post-
operative middle ear complications, careful study of the
T1-weighted pre- and delayed post-contrast, T2-weighted
images and DWI provide a sensitive and accurate method
for differentiating soft tissue lesions. Pre-contrast T1-
weighted images are mandatory to detect lesions with
high precontrast signal intensity (cholesterol granuloma,
ﬂuid with high protein concentration, bleeding, and fatty
tissue) and to get information about the vascularity of
the lesion.
In our study, CT was of great help in evaluating the state of
the ossicles, position of prosthesis and in excluding any soft tis-
sue lesion. In the setting of recurrent middle ear disease, CT is
crucial and provides us with an overall picture of any abnor-
mal pathology in the surgical cavity, if present. However,
localized or total soft tissue opacities were difﬁcult to be char-
acterized by CT alone.
MRI conﬁdently characterized the lesion and showed
strong correlation with the surgical ﬁndings. All sequences,
especially DWI and 30 min delayed post-contrast sequences
were highly valuable and showed promising results in the dif-
ferentiation of granulation tissue and cholesteatoma.
Proper diagnosis is necessary in order to help clinicians
choose the correct line of treatment, whether second-look sur-
gery or medical treatment.
5. Conclusion
The high incidence of postoperative middle ear complications
emphasizes the need of safe non-invasive diagnostic methods.
The most informative approach to imaging is a combined plain
CT and MR imaging protocol. CT should be the primarymodality to be used, followed by an MRI study with delayed
post-contrast and DWI sequences.
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